Objective: Currently, electroencephalography (EEG) cannot be used to record cortical activity during clinically effective DBS due to the presence of large stimulation artifact with components that overlap the useful spectrum of the EEG. A filtering method is presented that removes these artifacts whilst preserving the spectral and temporal fidelity of the underlying EEG. Methods: The filter is based on the Hampel identifier that treats artifacts as outliers in the frequency domain and replaces them with interpolated values. Performance of the filter was tested with a synthesized DBS signal and actual data recorded during bilateral monopolar DBS. Results: Mean increases in signal-to-noise ratio of 7.8 dB for single-frequency stimulation and 13.8 dB for dual-frequency stimulation are reported. Correlation analysis between EEG with synthesized artifacts and artifact-free EEG reveals that distortion to the underlying EEG in the filtered signal is negligible (r 2 > 0.99).
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Conclusions: Frequency-domain Hampel filtering has been shown to remove monopolar DBS artifacts under a number of common stimulation conditions used for the treatment of Parkinson's disease. Significance: Application of frequency-domain Hampel filtering will allow the measurement of EEG in patients during clinically effective DBS and thus may increase our understanding of the mechanisms of action of this important therapeutic intervention. Ó 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Deep brain stimulation (DBS) of the subthalamic nucleus or internal segment of the globus pallidus has been shown to provide effective long-term treatment for patients with movement disorders such as Parkinson's disease (PD) (Diamond and Jankovic, 2005; Rodriguez-Oroz et al., 2005) and dystonia (Hung et al., 2007 ). Yet, despite its proven clinical efficacy, the mechanisms of action of DBS remain poorly understood (McIntyre et al., 2004) . Since the basal ganglia do not project directly to the spinal cord, DBS-induced improvements in motor function are considered to be mediated by alterations in basal ganglia output to thalamocortical pathways or the brain stem (Montgomery and Gale, 2008) . Alternatively, DBS may act more directly on the cortex via antidromic activation of corticofugal fibers (Ashby et al., 2001; Baker et al., 2002; MacKinnon et al., 2005) . To date, exploration of the effects of DBS on movement-related cortical activity has principally been limited to neuroimaging studies using radioactive tracers (Ceballos-Baumann et al., 1999; Hershey et al., 2003; Limousin et al., 1997; Payoux et al., 2004; Sestini et al., 2002 ). Yet, these imaging modalities do not possess the temporal resolution required to investigate movement-related modulations in cortical activity associated with the preparation, initiation and execution of movement in both the time and frequency domains. High resolution temporal information about movement-related activity can be obtained with electroencephalography (EEG), but the implementation of this technique is confounded by the DBS-induced electrical noise that obscures the relatively low magnitude of the EEG signal.
Previous studies have circumvented this issue by switching the stimulators off and observing the immediate after-effects of stimulation (Kuhn et al., 2008) . However, the residual effects of stimulation are short-lasting and it is unknown if these effects mimic the actions of chronic DBS. The DBS artifact recorded with EEG can be greatly reduced if DBS is applied in bipolar mode (stimulation and 
